Experimental measurements of cell width in Bacillus subtilis
For many Gram-negative rod-shaped bacteria such as Escherichia coli and Pseudomonas aeruginosa, the cylindrical body maintains a constant width during growth and across an exponentially growing population (1) . Using phase-contrast microscopy, we measured the width of B. subtilis FC332 cells to sub-pixel resolution during exponential growth in both rich and minimal media (Methods, Fig. S1A,C) . In both media, we found that the width variability was small, both along the length of individual cells and averaged across the population. In rich medium (LB), the average width across cells was 1.09 ± 0.04 µm (all reported errors are standard deviations), and the width along the length of each cell had an average standard deviation of 0.04 µm (n = 387 cells, Fig. S1C,D) . In minimal medium (MM), the average width was 1.07 ± 0.03 µm, and the width along the length of each cell had an average standard deviation of 0.02 µm (n = 434, Fig. S1C,D) .
To determine whether cells could maintain their width during extensive elongation in the absence of cell division, we used strain B. subtilis AH93, which carries mciZ under xylose control at the chromosomal locus. Upon xylose induction, MciZ inhibited formation of the FtsZ-ring, which is essential for division, and the cells formed filaments (Fig. S1B) . We observed similar width distributions to FC332 cells in both LB and MM; in LB, the average width was 1.07 ± 0.03 µm with standard deviation 0.05 µm along individual cells (n = 70, Fig. S1C,D) , and in MM, it was 1.07±0.04 µm with standard deviation 0.03 µm along individual cells (n = 130, Fig. S1C,D) . Thus, cell width was conserved across a population, within individual cells, and between rich and minimal media.
Insertion within the innermost layer is qualitatively similar to whole-layer addition For our simulations in Figs. 3 and 4, we assumed that material is added discretely as complete layers rather than through continuous insertion intercalated within existing material, as is thought to occur in Gram-negative bacteria such as E. coli. Retaining the assumption that insertion of new material only takes place near the membrane, it requires only a slight modification of our model to account for insertion of small patches of material within the new layer at a rate k i , which measures the fraction of material within the innermost layer inserted per unit time. After each such event involving the insertion of new material with spring constant κ 0 , we equalize the spring constants across all springs within the innermost layer for sim-plicity. The effect of such insertion on the innermost layer is to introduce a compensating compression, since the rest of the layer need not bear as much stress.
This insertion provides additional driving force for elongation by increasing the stress born by the outer layers, but this is largely counterbalanced by the stiffening produced by within-layer insertion when the outer layers were adjacent to the membrane. Similarly, this insertion takes place within a layer whose springs have a stiffness that has not been substantially reduced from their initial value of κ 0 , thus it does not substantially change the lifetime of each layer. Moreover, the membrane-adjacent layer is displaced relatively quickly by further growth (for a cell with a 20-layer wall, the innermost layer spends only 5% of its lifetime adjacent to the membrane). As a result, for fixed values of k s and k h , within-layer insertion with k i = 0.06 layers/min did not noticeably perturb the wall thickness or relative growth rate (Fig. S6A ,B) relative to the scenario with k i = 0 in Fig. 4 . The global strain was somewhat decreased due to the stiffening effect of insertion ( Fig. S6C ), but there remained a region of parameters for which our model predicted values of the number of layers, growth rate, and global strain that were in agreement with our experimental measurements. Large changes were observed only when k i was comparable to k s , at which point the outer layers became stretched to an unphysiological degree (data not shown). Therefore, in the interests of simplicity, we have ignored withinlayer insertion and instead considered only whole-layer addition in the rest of our study. Removal of turgor pressure generates an asymmetric stress distribution across wall thickness. After a simulation of elongation using our discrete model with the same parameters as in Fig. 3B , the force due to turgor pressure was removed, causing the cell to shrink to a length l gl . The innermost layers are compressed, while the outermost layers are under tension. The stresses are asymmetric with respect to the center of the wall, in contrast to the wall in its extended state during elongation (Fig. 3B inset) Removal of turgor pressure generates an asymmetric stress distribution across wall thickness. After a simulation of elongation using our discrete model with the same parameters as in Fig. 3B , the force due to turgor pressure was removed, causing the cell to shrink to a length l gl . The innermost layers are compressed, while the outermost layers are under tension. The stresses are asymmetric with respect to the center of the wall, in contrast to the wall in its extended state during elongation (Fig. 3B inset) . Fig. 4 , we used discrete simulations to predict the steady-state number of layers comprising the cell wall N (A), the relative elongation rate v/l (B), and the global strain γ gl (C), including within-layer insertion at rate k i = 0.06 layers/min. The grey lines outline a region of parameters consistent with each of our experimental measurements individually: N = 20 ± 5 in (A), v/l = 3.6 ± 0.9 × 10 −2 min −1 in (B), and γ gl = 0.25 ± 0.05 in (C). The white triangle represents the overlap of consistency regions in (A-C) in which the values of k s and k h simultaneously reproduce all three experimental measurements.
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